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ASSAY FOR COLLAGEN TYPE II FRAGMENTS 

FIELD OF THE INVENTION 

5 The present invention relates to methods, kits and reagents for assaying for collagen 
fragments, and to therapeutic, prognostic and diagnostic methods based thereon. In 
particular, the invention relates to type II collagen fragment immunoassays (e.g. 
Sandwich ELISA), kits and reagents. 

10 INTRODUCTION 

Type II collagen is the major collagen of hyaline cartilage, accounting for 15-20% of the 
wet weight of the tissue and 90% of all coilagens in cartilage (1). In the extracellular 
matrix, type II collagen molecules become cross-linked with collagen types IX and XI to 
1 5 form heterotypic fibrils, which endow articular cartilage with the tensile strength 

necessary to withstand the loading forces resulting from day-to-day use of synovial 
joints (2). 

There are a number of important structural features of the collagen molecule (23), and 
20 these are shown in a schematic diagram of a collagen molecule (Figure 1). The 

primary structure of the human type II collagen a1 chain is shown in Figure 2, and all 
amino acid residue numbers cited herein refer to the amino acid sequence shown in 
this Figure. 

2 5 Type II collagen is synthesized with a pro-peptide at both termini of the molecule 
(residues 1-181 and 1242-1487). These are cleaved off as soon as the collagen is 
released into the extracellular matrix. The mature molecule has a short telopeptide 
(non-helical peptide) at both termini (residues 182-200 and 1215-1241) and a triple 
helix about 1000 residues long (residues 201-1214). Inter- and intra-molecular cross- 

30 links are located at 4 sites - one in each telopeptide (residues 190 and 1231) and one 
near each end of the helical region (residues 308 and 1 1 30). Thus, each end of the 
molecule contains two stable cross-links. 



Cartilage degradation is a major feature of arthritic diseases such as osteoarthritis 
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(OA) and rheumatoid arthritis (RA). There is currently much interest in monitoring the 
progress of cartilage loss in such diseases, which provides information useful in 
disease management (including prognosis, diagnosis and treatment). To this end, 
cartilage degradation is presently detected and monitored by X-Rays (which can detect 
5 joint space narrowing) or by biopsy (where cartilage removed from arthritic or normal 
joints at arthroplasty is analysed for the presence of biochemical markers of cartilage 
breakdown). However, both X-Ray and biopsy procedures are inconvenient, 
expensive and potentially harmful to the patient. Accordingly, there is much interest in 
alternative methods of monitoring the progress of cartilage breakdown in various 
10 arthritic diseases. 

Among the known biochemical markers of cartilage breakdown are those arising from 
a loss of aggrecan (a large, aggregating proteoglycan which contributes to the 
structural integrity of cartilage) (3-7). Other potential markers are those arising from the 
1 5 degradation of type II collagen, since it is clear that this molecule is damaged in 

arthritic joints and collagen degradation is generally considered to be an irreversible 
process (8-11). 

There is now good evidence that collagen degradation in cartilage is mediated by a 
20 class of enzymes called matrix metalloproteinases (MMPs). In particular, the 

collagenases (MMP-1 and MMP-13) are thought to be responsible for cleavage of the 
triple helix of type II collagen, resulting in denaturation of the molecule and its 
subsequent removal from the cartilage matrix by gelatinases (12-14). In the synovial 
joint, fragments of extracellular matrix proteins are released from degrading cartilage 
2 5 into the synovial fluid (SF), which lubricates the surface of the tissue. 

These fragments can therefore be found at high concentrations in SF from arthritic 
patients (15-19). They pass from the SF, through the lymphatic system to the systemic 
circulation. Although levels of cartilage matrix protein fragments in serum are usually 
30 lower than in the SF, it is still possible to detect changes in levels of particular marker 
proteins in the serum in OA and RA. 

Although there are a number of assays available to measure aggrecan degradation 
products (17, 20-22), there are presently no suitable assays for type II collagen 
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fragments in the systemic circulation (e.g. in serum or urine). 

There are two major problems associated with measuring systemic type II collagen 
fragments. Firstly, turnover of type II collagen in articular cartilage is normally very 
5 slow, and so the absolute levels of type II collagen fragments in serum or urine are 
very low and therefore difficult to detect and measure accurately. Although there is an 
increase in the rate of turnover of type li collagen in OA cartilage, it is not a large 
enough change to make detection significantly easier. Therefore a highly sensitive 
assay is required. The second problem is that circulating type II collagen fragments 
1 0 are small, due to extensive cleavage by gelatinolytic enzymes. This means that 

polyclonal antibodies to multiple epitopes in denatured collagen cannot be used to set 
up a "Sandwich" ELISA, because this assay format requires that two different epitopes 
be present on a single collagen fragment which acts as analyte (see Figure 3B). 

15 It has therefore been proposed to detect single collagen epitopes by use of inhibition 
ELISA (see Figure 3A). To this end, an assay has been developed which detects a 
type li collagen epitope that is exposed when the molecule is denatured but which is 
hidden by conformational restraint in the native collagen (10). Here, the monoclonal 
antibody Pa«3/4 (also known as Col2-3/4m) was raised to peptide CB11B and shown 

20 to recognise denatured type II collagen, but not other fibrillar collagens. An inhibition 
ELISA based on this antibody was reported to detect type II collagen fragments 
bearing the epitope, and to demonstrate increased levels of denatured type II collagen 
extracted from OA articular cartilage compared to non-arthritic cartilage. 

25 However, it has now been found that this assay is not in fact useful in the detection of 
type II collagen fragments in sera and SFs. The large values measured for collagen 
fragments in serum were a result of interference in the inhibition ELISA by collagen 
binding proteins (such as fibronectin), resulting in false positive data. Indeed, it has 
now been found that once interfering proteins are removed by digestion with 

30 proteinase K (an enzyme that does not damage the CB1 1 B epitope), no serum type II 
collagen can be detected by the assay. A further contributing factor to this negative 
result is likely to be that the standard curve for the assay is steep and lacks sensitivity: 
the lower detection limit is in the region of SO^ig/ml type II collagen. 
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Thus, the inhibition ELISA presents two problems with respect to the detection of type 
I! collagen fragments in serum. Firstly, it lacks the sensitivity needed for the detection 
of fragments that are probably present only at low levels in the systemic circulation. 
Secondly, it is subject to interference by any protein that can bind to the heat 
5 denatured collagen which is used to coat the wells of the ELISA plate. 

There is therefore a need for an alternative immunoassay for collagen fragments which 
avoids the above mentioned problems. 

10 DESCRIPTION OF THE INVENTION 

It has now been discovered that the type II collagen molecule is comprised of regions 
which differ dramatically in their susceptibility to hydrolysis. In particular, it has now 
been discovered that the amino-acids falling within the amino terminus cross-link 
1 5 region of the triple helix (residues 201-308) of the type II collagen a1 -chain are much 
less susceptible to hydrolysis by MMPs than the rest of the a1 -chain. In contrast, the 
cross-linked region at the carboxy-terminus of the triple helix (residues 1 130-1214) is 
less stable, reflected in the lower melting temperature than the amino-terminal end of 
the molecule (so making it more susceptible to hydrolysis). 

20 

Moreover, it has now surprisingly been found that collagen fragments released from 
degraded type II cartilage in vivo (hereinafter designated 0-11^) comprise fragments 
which are sufficiently large to bear two or more different epitopes, and that the half life 
of these fragments in vivo is long enough to permit the build up of concentrations high 
25 enough to make detection and/or accurate measurement by immunoassay in various 
body fluids (including serum, urine or synovial fluid) possible. 

Moreover, it has also been found that these epitopes can independently and 
simultaneously bind their cognate antibodies. Thus, it is now possible to make two 
30 different antibodies to different epitopes on the same C-ll^ fragment, so permitting, 
for the first time, Sandwich ELISA of free (e.g. serum) type II collagen fragments. 

Sandwich assays are inherently more sensitive than inhibition type assays, and are not 
be subject to interference from collagen-binding proteins. 
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Thus, according to the present invention there is provided a kit (e.g. an immunoassay 
kit) comprising a first antibody (e.g. a monoclonal antibody, polyclonal antibody or 
fragment or derivative thereof) which binds to a first epitope and a second antibody 
5 (e.g. a monoclonal antibody, polyclonal antibody or fragment or derivative thereof) 
which binds to a second epitope, wherein the first and second epitopes are coupled 
epitopes present on a collagen fragment (for example, a type I or type II collagen 
fragment) released from degraded cartilage in vivo. Preferably, the first and second 
epitopes are coupled epitopes present on (Ml^. 

10 

As used herein, the term C-ll*, embraces any of those type II collagen fragments 
which are released from degraded cartilage, for example by release in vivo as a result 
of cartilage degradation associated with various diseases or disorders (such as OA 
and RA). 

15 

Thus, C-lifc* include collagen fragments which have entered the systemic circulation 
(hereinafter referred to as C^l,,*^). Such fragments include collagen fragments 
which may be found in the serum, urine and synovial fluid (the latter abbreviated 
herein to SF). 

20 

As used herein, the term "coupled epitopes" refers to antigenic epitopes which are 
each present on a single type II collagen fragment or analyte moiety. Coupled 
epitopes may therefore comprise one or more conformational epitopes, either on a 
single type II collagen fragment or on a single analyte moiety which comprises a type 
25 II collagen fragment complex (e.g. two or more associated collagen fragments which 
together comprise a single analyte moiety). 

In preferred embodiments, each coupled epitope is a sequential epitope, so that all 
coupled epitopes are present on a single type II collagen peptide fragment. 
30 Particularly preferred are coupled epitopes comprising or located within an amino 
acid sequence or a fragment of the N-terminal region of the a1 type II collagen 
chain, for example coupled epitopes comprising or located within an amino acid 
sequence or a fragment of the N-terminal cross-Hnked region of the triple helix 
thereof (see Figure 1). 
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In a particularly preferred embodiment, the first epitope is located within residues 
243-263 of the sequence shown in Figure 2, and the second epitope is located within 
residues 216-236 of the sequence shown in Figure 3. 

The coupled epitopes may simultaneously bind cognate antibodies, and may 
advantageously be disposed such that an antibody bound at the first epitope does 
not stericaliy hinder (or interfere with) antibody binding at the second epitope. The 
coupled epitopes of the invention may therefore be physically "linked", so that that 
sequestration or partitioning of one of the epitopes attendant on binding to its 
cognate antibody effectively also sequesters or partitions the other (linked) epitope 
(while leaving it available for binding to a second cognate antibody). 

The coupled epitopes are preferably separated by at least 2 amino acids, e.g. by 3,4, 
5, 6, 7, 8, 9, 10, 11, 12,13, 14, 15, 16, 17, 18, 19 or 20 amino acids. Preferably, they 
are separated from each other by at least 3 amino acids (e.g. about 6 amino acids) 
to prevent steric hindrance of simultaneous antibody binding. 

In general, the coupled epitopes are sufficiently separated to permit independent 
(non-blocking) binding to cognate antibodies, but sufficiently close together to 
substantially eliminate the possibility of a proteolytic cleavage event uncoupling or 
separating the epitopes. Thus, the coupled epitopes are preferably separated by a 
short amino acid sequence which is not subject to substantial proteolysis in vivo, for 
example in a portion of the type II collagen molecule with is relatively stable or which 
is relatively resistant to proteolysis. Particularly preferred is the N terminal portion of 
the a1 type II collagen peptide (e.g. the N terminal cross-linked region of the triple 
helix thereof). 

The immunoassay kit of the invention may be used in therapy, diagnosis, prognosis 
or candidate drug screening. 

Preferably, the immunoassay kit of the invention is for use in Sandwich 
immunoassay (e.g. for use in Sandwich ELISA). In such embodiments, the first 
antibody may be immobilized on a solid support, and/or the second antibody may be 
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labelled. 

In such embodiments, the immobilized primary antibody (or capture antibody) is 
preferably monoclonal (e.g. a mouse monoclonal antibody), while the secondary 
5 antibody is preferably polyclonal (e.g. a rabbit polyclonal antibody) and derived from 
a different species to the capture antibody. This permits the use of species-specific 
labelled antMg antibodies to detect bound (uniabelled) secondary antibody, so 
obviating the need for labelled collagen-specific antibodies. In such embodiments, 
the anti-lg antibody is preferably labelled with alkaline phosphatase or peroxidase. 

10 

Alternatively, the secondary antibody may be labelled. Preferred labels include 
radiolabels and biotin. Where biotin is used, the secondary antibody may be 
detected by contacting the secondary antibody with enzyme-labelled avidin. 

15 Where the kit comprises an enzyme-labelled reactant, the kit preferably further 
comprises a substrate to react with the enzyme label. 

The kit may further comprise standard heat denatured type II collagen or a standard 
synthetic peptide carrying C-Uk* coupled epitopes (e.g. AH8 and AH12). Such 
20 synthetic peptides may comprise a protease-resistant spacer region between the 
coupled epitopes. Such synthetic peptides may be synthesised, for example, by 
solid phase peptide synthesis or by expression of synthetic gene(s) in a recombinant 
host cell. 

25 As used herein, the terms AH8, AH9 and AH 12 are used to refer to particular peptide 
epitopes or peptides perse (as sense dictates and as described in more detail 
infra). The terms AH8L1 , AH9L2 and AH12L3 refer to the rabbit antisera to the AH8, 
AH9 and AH12 peptides, respectively. The term AH8MAb refers to a monoclonal 
antibody to peptide AH8. The terms anti-AH8, anti-AH9 and anti-AH12 refer to 

30 antibodies raised against (or (specifically) reactive with) the peptides AH8, AH9 and 
AH 12, respectively. 

In particularly preferred embodiments, the first antibody is AH8MAb or AH8L1 and 
the second antibody is AH12L3. Alternatively, the first antibody may be AH12L3 and 
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the second antibody AH8MAb or AH8L1 . 

The first antibody may also be an antibody which competitively inhibits binding of 
AH8MAb or AH8L1 to cognate epitope, and the second antibody may be an antibody 
5 which competitively inhibits binding of AH1 2L3 to cognate epitope. Alternatively, the 
first antibody may be an antibody which competitively inhibits binding of AH12L3 to 
cognate epitope and the second antibody may be an antibody which competitively 
inhibits binding of AH8MAb or AH8L1 to cognate epitope. 

10 In other embodiments, the first antibody may be an antibody having the same (or 
essentially the same) epitope specificity as antibody AH8MAb or AH8L1, while the 
second antibody may be an antibody having the same (or essentially the same) 
epitope specificity as antibody AH12L3. Alternatively, the first antibody may be an 
antibody having the same (or essentially the same) epitope specificity as antibody 

15 AH12L3, while the second antibody may be an antibody having the same (or 
essentially the same) epitope specificity as antibody AH8MAb or AH8L1. 

Binding agents other than antibodies having functionally similar properties to the 
antibodies of the invention may also be used according to the invention. Thus, the 

20 first and/or second antibody may be a binding agent derived from, comprising or 
consisting essentially of the variable region of an antibody having the required 
specificity (for example antibody AH8MAb, AH8L1 or AH1 2L3). Binding agents for 
use in the invention therefore include various antibody fragments, such as Fab, Fab' 
or F(ab')2 fragments, or synthetic proteins and peptides modelled on sequences 

25 variable regions having the desired specificity. 

In another aspect, the invention relates to an antibody (e.g. a monoclonal antibody, 
polyclonal antibody, or fragment or derivative thereof) per se which binds to a 
coupled epitope of C-llfree. The antibodies of the invention may be monoclonal or 
30 polyclonal, and are preferably labelled. Preferred labels include biotin and 

radioactive labels. The antibodies of the invention may also be immobilized (e.g. on a 
solid support, such as the well of a microtitre plate or surface of a probe or dipstick). 

Also contemplated by the invention are Afunctional heteroantibodies comprising a 
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first binding moiety which binds to a first epitope and a second binding moiety which 
binds to a second epitope, wherein the first and second epitopes are C-IW coupled 
epitopes. Such heteroantibodies find application in various immunoprecipitation 
assays, since they form readily detectable high molecular weight complexes in the 
5 presence of coupled C-l I ^ epitopes. 

Also contemplated by the invention are methods (e.g. Sandwich ELISA methods) for 
assaying for (Ml**, in a biological sample (e.g. in vitro or ex vivo) comprising 
contacting the sample with a first antibody which binds to a first epitope and with a 
10 second antibody which binds to a second epitope, wherein the first and second 
epitopes are 0-11/** coupled epitopes. 

The methods of the invention find application in various in vitro or ex vivo methods of 
therapy, diagnosis or prognosis comprising the step of assaying a biological sample 
15 forC-llfree. 

The invention also contemplates a process for measuring the therapeutic activity of 
an agent comprising the steps of: (a) providing a sample derived from a subject 
treated with the agent; and (b) assaying the sample for C-ll^c using the kit, 
20 antibody/binding agent or the method of the invention, wherein the amount of 0-11^ 
in the sample assayed in step (b) is used as an index of therapeutic activity. 

In another aspect, the invention provides a process for producing a therapeutic 
agent comprising the step of screening a library of candidate therapeutic agents for 
2 5 therapeutic activity using the therapeutic activity measuring process of the invention 
described above. 

In yet another aspect, the invention contemplates a process for producing a 
therapeutic agent comprising the steps of: (a) selecting a chemical formula on the 
30 basis of one or more structural features of a therapeutic agent produced by the 
process for producing a therapeutic agent of the invention; and then (b) producing 
(e.g. by synthesis or isolation) a therapeutic agent having the chemical formula 
selected in step (a). Also covered are therapeutics obtainable by (or obtained by) 
this process. These preferably include anti-arthritic drugs and MMP inhibitors. 
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In yet another aspect, the invention contemplates a cell or cell line which expresses 
the antibody or binding agent of the invention. The cell or cell line may be 
prokaryotic or eukaryotic (e.g. mammalian). Preferred are hybridomas expressing 
5 monoclonal antibodies according to the invention. 

In a still further aspect of the invention there is provided a process for producing an 
antibody which binds to a coupled epitope of 0-11^ comprising the steps of: (a) 
degrading type II collagen in vitro to produce a plurality of fragments; (b) 
10 fractionating the fragments on the basis of size; (c) identifying relatively large 

fragments; (d) screening the relatively large fragments for the presence of multiple 
epitopes; (e) selecting a fragment which bears two or more epitopes; and (f) raising 
antibodies against the fragment selected in step (e). 

1 5 Also covered by the invention are antibodies which bind to a coupled epitope of C- 
Wfne obtainable (or obtained by) the process described above. 

The invention also covers isolated type II collagen fragments bearing two or more 
epitopes for use in step (f) of the processes of the invention, as well as processes for 
20 producing an antibody or C-ll^ binding agent comprising raising antibodies against 
the isolated fragments of the invention. 

APPLICATIONS 

2 5 The invention finds application in various assays, including diagnostic, prognostic and 
drug screening assays. The invention may also be used as part of a therapeutic 
regimen, as described below. Thus, the invention may be useful in various forms of 
therapy, prognosis and diagnosis. 

30 For example, in diagnosis the sandwich ELISAs of the invention are sensitive enough 
to detect type II collagen fragments in urine, serum or SFs from patients. The samples 
can be easily obtained without risk to the patient, and the assay is simple and 
inexpensive. Thus, routine screening of a population for arthritic or other diseases in 
which cartilage breakdown occurs is possible using the methods and reagents of the 
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invention. 

The invention can also be used to determine the degree of on-going cartilage collagen 
degradation in patients with different types of OA or RA . The assays may therefore 
5 also find utility as the basis of prognostic tests, for example to predict which patients 
will go on to develop severe cartilage lesions. 

In therapy, the invention provides a means of determining the in vivo efficacy of anti- 
arthritic drugs, such as MMP inhibitors. A number of such drugs are about to be tested 
10 in clinical trials (3, 26), but prior to the invention there has been no way of following 
type II collagen degradation using a urine, serum or SF marker, to determine if the 
patients are protected by treatment. The invention may therefore find application as an 
adjunct to various forms of therapy or as a means for determining the optimum dosage 
and/or frequency of administration of therapeutic drugs. 

15 

Further uses of the assays of the invention include the diagnosis of growth disorders 
and the testing of the efficacy or monitoring the progress of growth hormone treatment. 
For example, long bone growth depends on the process of endochondral ossification, 
in which growth plate cartilage is degraded and replaced with bone (1). Serum levels 

20 of type II collagen fragments will therefore be higher in normal growing children than in 
adults, reflecting this process. However in children with growth disorders the serum 
levels of these fragments are likely to be lower than is normal for children of any given 
age. Thus, the invention may be used to diagnose such disorders, as an adjunct to 
drug treatment to establish dose-response relationships and also to monitor the 

2 5 progress of the disorder and its treatment. 

The invention will now be described with reference to several examples, which are for 
illustrative purposes only and are not limiting in any way. 

30 The examples refer to several Figures, in which: 

Figure 1 : shows schematically the different molecular zones or domains in the 
type II collagen a-chain and the location of the epitopes used to generate antibodies. 
1: epitope AH 12 
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2: epitope AH8 

3: epitope CB11B 

4: triple helical region 

5: collagenase cleavage site 

6: helical cross-link 

7: epitope AH9 

8: carboxy-terminal pro-peptide 

9: carboxy-terminal telo-peptide 

10: telo-peptide cross-link 

1 1 : carboxy-terminal cross-linked region 

12: helical cross-link 

1 3: amino-terminal cross-linked region of the triple helix 

1 4: amino-terminal telo-peptide 

1 5: amino-terminal pro-peptide 

1 6: telo-peptide cross-link 



Figure 2 : shows the primary structure (amino acid sequence) of the human type II 
collagen a-chain. 

2 0 Figure 3 : shows schematically the Inhibition ELISA assay format and the 
Sandwich ELISA assay format. 

Panel A : Inhibition ELISA 

1: type II collagen fragments in solution phase bind to 
primary antibody, inhibiting it from binding to the solid phase collagen. 
25 2: primary anti-collagen antibody binds to solid phase 

denatured collagen. 

3: heat denatured type II collagen coated onto solid phase. 
4: enzyme labeled second step antibody binds to primary 

antibody. 

30 Panel B : Sandwich ELISA 

1 : enzyme-labeled avidin binds to biotin 
2: type II collagen fragments in solution phase bind to the 
primary antibody via the first epitope on the collagen fragments. 

3: primary anti-type II collagen antibody coated onto solid 
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phase. 

4: biotinylated secondary anti-type II collagen antibody 
binds to second epitope on collagen fragments. 

5 Figure 4 : shows the characterization of antiserum AH8L1 . Antiserum AH8L1 was 
tested in EUSA assays against peptide AH8 (Panel A) and HDC (Panel B). The 
results are shown for specific antiserum (circles) compared to the pre-immune serum 
(diamonds) for both antigens. 



1 0 Figure 5 : shows the characterization of antiserum AH9L2. Antiserum AH9L2 was 
tested in ELISA assays against peptide AH9 (Panel A) and HDC (Panel B). The 
results are shown for specific antiserum (circles) compared to the pre-immune serum 
(diamonds) for both antigens. 



1 5 Figure 6 : shows the characterization of antiserum AH12L3. Antiserum AH1 2L3 
was tested in ELISA assays against peptide AH 12 (Panel A) and HDC (Panel B). The 
results are shown for specific antiserum (circles) compared to the pre-immune serum 
(diamonds) for both antigens. 



2 0 Figure 7 : shows the cross-reactivity of anti-peptide anti-sera with different 

coliagens. A) Coomassie stained gel; B) rabbit anti-peptide AH8L1 antiserum; C) rabbit 
anti-peptide AH9L2 antiserum; D) rabbit anti-peptide AH12L3 antiserum. In all 3 
panels, lane 1 is human type 1 collagen, lane 2 is bovine type I collagen, lane 3 is 
human type II collagen, lane 4 is bovine type II collagen, lane 5 is human type III 

2 5 collagen, lane 6 is bovine type III collagen and lane 7 is human type IV collagen. 

Figure 8 : shows Western immunoblots of bovine chondrocyte lysates. The 
lysates were prepared with (lane 1) or without (lane 2) the addition of bovine type II 
collagen. Panel A is an amido black stain of total protein in the lysates after transfer to 
30 nitrocellulose. Panels B, C and D are Western immunoblots using antibodies AH8L1, 
AH9L2 and AH12L3 respectively. The migration position of the type II collagen a-chain 
is shown. 



Figure 9 : 



shows Western immunoblots of week 3 medium from bovine nasal 
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cartilage cultures. Medium from IL-1 -stimulated cartilage cultures was separated by 
SDS-PAGE on 15% gels and electroblotted to a nitrocellulose membrane. Panel A 
shows an amido black stain of total protein in the lysates after transfer to nitrocellulose. 
Panels B, C, D and E show Western immunoblots with antibodies Pa-3/4, AH8L1 , 
5 AH9L2 and AH12L3, respectively. The migration position of the two most clearly 
defined collagen fragments are indicated, as well as the molecular weight standards. 

Figure 10 : shows the location of the amino-terminus of fragment TII-F1 within the 
type II collagen triple helix. 

10 

Figure 1 1 : shows dual binding of AH8L1 and AH12L3 to HDC. Purified, 
biotinylated antibody AH8L1 was bound to HOC on its own (circles in both panels) and 
following preincubation of the HDC with antiserum AH12L3 at a 1:100 dilution 
(diamonds in Panel A) or with purified antibody AH 12L3 at a 1:64 dilution (diamonds in 
1 5 Panel B). Binding of AH8L1 was detected using the avidin-peroxidase conjugate 
method described infra. 

Figure 12 : shows a comparison of type II collagen assays. HDC was assayed at a 
range of standard concentrations either using the Sandwich ELISA of the invention 
2 0 (Panel A) or the known CB1 1 B inhibition ELISA (Panel B). 

Figure 13 : shows immunohistochemical staining of human OA femoral head 
cartilage from a human subject. Staining was with mouse monoclonal antibody Col2- 
3/4m (A and D), rabbit polyclonal antibody AH12L3 (B and E) and rabbit polyclonal 
2 5 antibody AH9L2 (C and F). Negative controls (non-immune IgG) are shown separately 
for mouse (G) and rabbit (H). 

Figure 14 : shows immunohistochemical staining of human normal femoral head 
cartilage from a human subject. Staining was with mouse monoclonal antibody Col2- 
30 3/4m (A), rabbit polyclonal antibody AH12L3 (B) and rabbit polyclonal antibody AH9L2 
(C). Negative controls (non-immune IgG) are shown separately for mouse (D) and 
rabbit (E). 

Figure 15 : shows dual binding of antibodies AH8MAb and AH1 2 to HDC. Purified 
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antibody AH12 was bound to HDC either on its own (squares) or following 
preincubation of the HDC with AH8MAb (circles) and was detected using an alkaline 
phosphatase labeled goat anti-rabbit Ig second antibody. The binding of monoclonal 
AH8MAb on its own, detected by an alkaline phosphatase labeled goat anti-mouse Ig 
5 second antibody, is shown for comparison (triangles). 

Figure 16 : shows the AH8MAb/AH12L3 sandwich ELISA standard curve. Results 
are shown as the mean +/- SEM for 11 separate experiments, using type II collagen 
purified from bovine nasal septum cartilage. 

10 

Figure 17 : shows specific detection of denatured type II collagen by the 
AH8MAb/AH12L3 sandwich ELISA. Native bovine type II collagen was prepared as 
described in Example 5 and then a portion was denatured. The samples were then 
assayed at a series of dilutions. 

15 

Figure 18 : shows type tl collagen fragments in normal human serum. Serum was 
collected from male (n=3) and female (n=5) volunteers (age range 23-33 years) and 
assayed at various dilutions using the AH8MAb/AH12L3 sandwich ELISA. Each panel 
shows results for one individual. 

20 

Figure 19 : shows the estimation of type II collagen fragment levels in normal 
human serum. Serum was collected from male (n=3) and female (n=5) volunteers 
(age range 23-33 years) and assayed using the AH8MAb/AH12L3 sandwich ELISA. 
Values of collagen fragment concentration were estimated using a heat denatured 
2 5 bovine type II collagen standard curve. 

Figure 20 : shows the standard synthetic peptide for use in the AH8MAb/AH12L3 
sandwich ELISA. 

30 EXAMPLE 1 - Identification of Immunogenic Epitopes. Peptide Synthesis and Coupling 
to Carrier Protein. 

Amino acid sequences from the amino- and carboxy-terminal cross-linked regions of 
the <x1(l!) chain were subjected to hydrophobicity analysis and suitable immunogenic 
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peptides were selected using the criteria previously described (10). 

Peptides AH8, AH9 and AH 12 were each synthesized with an amino-terminal cysteine 
for coupling to carrier protein and a carboxy terminal tyrosine for possible iodination. 
5 AH8 and AH12 are located in the amino-terminal cross-linked region of the triple helix 
and AH9 is in the carboxy-terminal cross-linked region, as shown in Figure 1. The 
peptides were synthesized by Dr. Arthur Moir in the Kreb's Institute, University of 
Sheffield and their sequences are: 

10 AH8 

C-G-P-P(OH)-G-P-P(OH)-G.K-P(OH)-G.D-D-G-E-A-G-K-P(OH)-G-K-A-Y 
AH9 

15 

C-G-P-P(OH)-G-P-R-G-R-S-G-E-T-G-P-A-G-P-P(OH)-G-N-P(OH)-Y 
AH12 

20 C-G-A-P(OH)-G-P-Q-G-F-Q-G-N-P(OH)-G-E-P(OH)-G-E-P(OH)-G-V-S-Y 

Each of these peptides was conjugated to the carrier protein, Keyhole Limpet 
Haemocyanin (Calbiochem, Nottingham, UK), through its amino-terminal cysteine 
residue, using the coupling reagent bromoacetic acid-N-hydroxysuccinimide ester 
25 (Sigma). The method of conjugation was exactly as previously described for peptide 
coupling to ovalbumin (10). 

EXAMPLE 2 - Antibody Production 

30 Adult New Zealand white rabbits were each immunised by subcutaneous injection with 
500 ng of peptide conjugated to KLH. Each peptide was used to immunise two 
animals. For the initial immunisation the antigen was emulsified with Complete 
Freund's Adjuvant (Sigma). Subsequent immunisations were at two-week intervals 
and Incomplete Freund ( s Adjuvant (Sigma) was used. Pre-immune and specific test 
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sera were screened for reactivity with type II collagen, as described below. 

EXAMPLE 3 - Antibody Screening ELISAs 

5 Heat denatured type II collagen (HDC) was prepared by dissolving bovine type II 

collagen (Sigma) in 0.1M carbonate buffer (0.1M NaHC0 3 , 0.1M Na 2 C0 3 , pH 9.2) and 
heating at 80°C for twenty minutes, lmmulon-2 ELISA plates (Dynatech Labs, 
Guernsey, UK) were coated with 2p.g per well of HDC by passive adsorption for 72 
hours at 4°C. The plates were washed three times with PBS containing 0.1% v/v 
1 0 Tween-20 (Sigma; PBS-Tween) and then blocked by incubation with 1% w/v bovine 
serum albumin (BSA, Sigma) in PBS, for thirty minutes at room temperature. The 
plates were washed once with PBS-Tween and Rabbit antisera were added to wells of 
the ELISA plates at a range of dilutions. 

1 5 After incubation for ninety minutes at 37°C the plates were washed three times with 
PBS-Tween and then alkaline-phosphate labelled goat anti-rabbit immunoglubulin 
(Southern Biotech, Alabama, USA) diluted 1:1000 in PBS-Tween-1% BSA was added 
to each well. The Plates were incubated for ninety minutes at 37°C then washed three 
times with PBS-Tween and once with distilled water. The alkaline-phosphatase 

20 substrate, disodium p-nitro-phenyl phosphate was prepared fresh at a concentration of 
0.5mg/ml in 9.0mM diethanolamine, 0.25M MgCI 2 , pH 9.8, and added to each well for 
20-30 minutes at R.T. The absorbance was measured at 405nm on a Dynatech 
Multiscan plate reader. 

25 EXAMPLE 4 - SDS-PAGE and Western Immunoblottinq 

SDS-PAGE was performed on 7.5%, 10% or 15% miniprotean gels (Bio-Rad Labs. 
Hertfordshire, UK), under reducing conditions, essentially as described previously (10). 
The gels were stained with 0.2% w/v Coomassie Brilliant Blue (Bio-Rad) in 50% v/v 
30 methanol, 10% v/v acetic acid and destained with 20% v/v methanol, 5% v/v acetic 
acid. In some cases the electrophoresed samples were transferred to nitrocellulose 
membranes in a Tris-Glycine buffer containing 10% or 20% v/v/ methanol and blocked 
overnight at room temperature with PBS-3% BSA prior to immunoblotting with 
antibodies Pa-3/4, AH8L1 , AH9L2 or AH12L3. 
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Blocked membranes were incubated for two hours at room temperature with these 
antibodies, each at an appropriate dilution in PBS-3% BSA. After three washes with 
PBS-Tween, the membranes were incubated for thirty minutes at room temperature 
5 with the alkaline phosphatase-conjugated goat anti-mouse (for Pa-3/4) or antkabbit 
(for AH8, 9 and 12) second antibody, diluted 1:1000 with PBS-3% BSA. The 
membranes were washed three times with PBS-Tween and once with distilled water 
Alkaline phosphatase substrate solution was prepared from a kit (Bio-Rad) employing 
5-bromo-4-chloro-3-indoyl phosphate and nitroblue tetrazolium. It was added to 
1 0 membranes and incubated at room temperature until optimal colour had developed. 
The reaction was stopped by rinsing with distilled water. 

EXAMPLE 5 - Bovine Nasal Cartilage Cultures 

1 5 Freshly dissected cartilage from bovine nasal septum was sectioned into slices of 5cm 
x 1 .5cm x 2mm with a scalpel. The slices were washed once with sterile PBS for 
twenty minutes. Discs of cartilage (40mg average wet weight) were prepared using a 
sterile stainless steel punch. The outer parts of the cartilage slices were not used to 
avoid contamination with other tissues. 

20 

The nasal and articular cartilage explants were cultured in serum free Dulbecco's 
modified Eagle's medium (DMEM; Gibco Life Technologies Ltd., Renfrew Road, 
Paisley, UK), containing glutamine (2mM), penicillin G (2000 U/ml) and streptomycin 
(0.1 mg/ml) and 4-(2-hydoxyethyl)-1-piperazineethanesulfonicacid (HEPES, 10mM) (all 
25 from Gibco) for four weeks in 48-well tissue culture plates (Costar, High Wycombe, 
UK) at 37°C in a humidified atmosphere of 5% COa/95% air. Each well contained two 
discs in 400^1 of medium. The discs were treated with recombinant human IL-1ct was 
a kind gift from Dr. Michael B. Widmer, Immunex Corp., Seattle, USA. At days 7, 14 
and 21, medium in each well was replenished, including fresh IL-1a. 

30 

EXAMPLE 6 - Amino Terminal Sequencing 



For amino-terminal sequencing, medium samples were run on gels that had been pre- 
run with a free-radical scavenger and then subject to buffer exchange for correction of 
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pH, as described by Dunbar and Wilson (27). The samples were electroblotted to a 
PVDF membrane (Bio-Rad) and stained with 0.5% w/v Coomassie Brilliant Blue R-250 
in 7% v/v/ acetic acid, 35% v/v methanol for ten minutes and destained in 7% v/v acetic 
acid 25% methanol until the background was clear. The relevant protein band was 
5 excised and analysed using an automated sequencing facility, by Bryan Dunbar, 
Department of Molecular and cell Biology, University of Aberdeen. 

EXAMPLE 7 - Affinity Purification and Biotinvlation of Antibodies 

10 Antibodies were purified and biotinylated using a blotting membrane as an antigen 
support, according to the newly described method of Rucklidge et al (28). AH8L1 and 
AH12L3 antibodies were both affinity purified from immune rabbit sera using PVDF 
membranes (Bio-Rad) coated with HDC. AH8L1 antibody was biotinylated while still 
bound to the membrane by incubating with biotin (Biotinamidocaproate N- 

1 5 hydroxysuccinimide ester, Sigma) at 75ng/ml in 0.1M carbonate buffer for thirty 
minutes, before stripping from the membrane. The purified antibodies were both 
tested for yield and specificity before use. 

EXAMPLE 8 - Sandwich ELISA Assay for Type II Collagen Fragments 

20 

Capture antibody (affinity purified AH12L3) at a dilution of 1:8 in 0.1 M carbonate buffer 
was allowed to passively bind to an Immulon 2 plate at 37°C for one hour. All wells 
were then blocked for one hour at 37°C with carbonate buffer containing 0.2% BSA, 
then washed three times with PBS/Tween. HDC was diluted in PBS, added to 

2 5 appropriate wells and incubated for ninety minutes at 37°C. 

After a further three washes in PBS/Tween, detecting antibody (biotinylated AH8L1) 
was added to aii wells at a dilution of 1:8 in PBS/Tween/0.1% BSA and incubated for a 
further ninety minutes. Plates were washed three times in PBS/0.1% Tween, then 

3 0 incubated with avidin-peroxidase (Sigma) at 20mg/ml in PBS/Tween for thirty minutes 

at room temperature, followed by a further three washed in PBS/Tween and one in 
distilled water. Peroxidase substrate (o-phenolenediamine dihydrochloride, Sigma) at 
a concentration of 0.5mg/ml in 0.05M citric acid with 0.1M Na 2 HP0 4 and 10^1 H 2 0 2 was 
added to all wells and colour developed for 20-30 minutes before stopping with 10M 
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H2SO4. Absorbences were read at 490nm. 

EXAMPLE 9 - Char acterisation of Rabbit Antisera To Peptides AH8. 9 and 12 

5 Each peptide was used to generate antisera in two rabbits. For all three peptides, both 
antisera behaved essentially in the same way as each other with respect to titre and 
specificity. 

In ELISA assays, antibody AH8L1 specifically reacted with peptide AH8 and with HDC 
10 (Figure 4), but it did not react with peptides AH9 or AH12 (data not shown). Antibody 
AH9L2 specifically reacted with peptide AH9 and with HDC (Figure 5), but it did not 
react with peptides AH8 or AH12 (data not shown). Antibody AH12L3 specifically 
reacted with peptide AH12 and with HDC (Figure 6), but it'did not react with peptides 
AH8 or AH9 (data not shown). AH9L2 was clearly less potent than AH8L1 or AH12L3 
15 at detecting type II collagen in the ELISA assays (compare Figures 4B, 5B and 6B). 

Antibodies AH8L1, AH9L2 and AH12L3 were each tested in western immunoblotting 
for reactivity with different types of heat denatured collagen. Each of them recognised 
only type II collagen and not collagen types I, III or IV (Figure 7), however AH9L2 was 
2 0 less effective at detecting the type II collagen by this technique than AH8L1 or 
AH12L3. 

As a further demonstration of specificity, each antibody was tested in a Western 
immunoblot against the many proteins present in chondrocyte lysates. None of these 
2 5 proteins were detected by any of the antibodies whereas they each detected type II 
collagen which had been added to the lysates (Figure 8). 

EXAMPLE 10 - Detection of Type II Collagen Fragments In Culture Media From Bovine 
Nasal Cartilage Cultures 

30 

When bovine nasal cartilage is stimulated with 50ng/ml IL-1ot, there is a sudden 
release of type II collagen fragments into the medium during the third week of culture 
which coincides with a large increase in MMP activity in the medium (14). Week 3 
medium was taken from such highly degradative cultures and examined by western 
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immunoblotting to determine if any of the type II collagen fragments were large enough 
to appear on a 10% SDS-PAGE gel. 

Using the inhibition ELISA for CB11B, large amounts of this epitope were present in 
5 the media samples (not shown). A number of protein bands were present in the week 
3 culture medium (Figure 9A). However none of them were detected in western 
immunoblots with antibody Pa-3/4 (Figure 9B), presumably because all the fragments 
containing epitope CB1 1 B were small and had migrated off the bottom of the gel. 

10 In contrast, a number of fragments were detected in western immunoblotting with 
antibody AH8L1 and two of the fragments, TII-F1 and TII-F2, appeared as sharp, 
clearly defined bands with molecular weights of about 28kDA and 27kDA respectively 
(Figure 9C). Antibody AH9L2 detected no type II collagen fragments (Figure 9D) whilst 
antibody AH12L3 detected the same bands as AH8L1 (compare Figure 9E with 9C). 

15 

Similar results were obtained in four other experiments using media from a different 
cartilage culture in each case (not shown). Thus the only antibodies to detect type II 
collagen fragments by western blot were those to epitopes in the amino-terminal helical 
region of the a1(ll) chain. 

20 

It was important to prove that antibodies AH8L1 and AH12L3 were detecting type II 
collagen fragments in these cultures and not some cross-reacting contaminant. To this 
end, the most abundant of the two sharp bands detected by the antibodies, TII-F1 , was 
excised from a PVDF membrane and the first 16 residues of its amino terminal 

25 sequence determined. The sequence had an initial yield of 17.2 pmoi and was a 100% 
match for an internal sequence in the a1(ll) chain. This proved that TII-F1 was indeed 
a type II collagen fragment and locates the amino-terminus as being at residue 223, 
which is within the sequence of peptide AH12 (Figure 10). Thus the epitopes detected 
by antibodies AH8L1 and AH12L3 are located very close to the amino-terminus of the 

3 0 major detectable fragment. 
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EXAMPLE 1 1 - Development of a Sandwich ELISA For Type II Collagen Fragments 
Using Antibodies AH8L1 andAH12L3 

Since epitopes AH8 and AH12 are separated by just 6 residues in the a1(ll) chain, it 
5 was important to determine if both antibodies would bind to the unwound a-chain at the 
same time, without causing steric hindrance to each other. 

To this end, ELISA plates were coated with HDC, blocked, and then unlabeled 
antibody AH12L3 was bound to the collagen either as the antiserum or as a purified 
10 antibody. Biotinyiated antibody AH8L1 was then added into the wells and its binding 
was detected using an avidin-peroxidase conjugate. The results (Figure 11) 
demonstrate that AH12L3 did not inhibit the binding of biotinyiated AH8L1 to HDC. 

A preliminary Sandwich ELISA was set up by coating unlabelled antibody AH12L3 onto 
1 5 the ELISA plates, incubating with HDC and then detecting with biotinyiated antibody 
AH8L1 followed by avidin-peroxidase conjugate. HDC was detected by this assay and 
the lower detection limit was about 0.05ng/ml type II collagen (Figure 12A). 

. By comparison, the CB1 1 B inhibition ELISA could only detect type II collagen with a 
2 0 lower detection limit of 50-1 OO^g/ml (Figure 1 2B). 

EXAMPLE 12: Immunostaininq of osteoarthritic cartilage 

(i) Immunohistochemistry 

25 

Cartilage pieces were embedded in OCT embedding medium (B.D.H. Laboratory 
Supplies, Poole, England) and sections 7pm thick cut and attached to slides pre- 
coated with 3-aminopropyltriethoxysilane (I.C.N. Biomedicals Ltd., Thame, England) as 
previously described (11), to ensure maximum adherence of the section for uniform 
30 staining. Sections were either stained immediately or stored at -20°C. Aldeyde groups 
were blocked with normal goat serum, diluted 1:10, and permeability of the 
extracellular matrix was maximised with Chondroitinase ABC lyase (I.C.N.) containing 
proteinase inhibitors. Sections were probed with Col2-3/4m, AH9L2 or AH12L3. 
Optimum dilutions were determined by matching the IgG concentration of the antibody 
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with that of a suitable control antibody. For Col2-3/4m, which is an lgG1 , a mouse 
monoclonal was used of the same isotype but raised to an irrelevant epitope. For IgG 
purified from the rabbit anti-peptide antisera AH9L2 and AH12L3, a control IgG from 
non-immune rabbits (Vector Laboratories) was used. These control antibodies were 
5 diluted to the highest concentration which produced negligible background staining of 
cartilage specimens. A biotin-avidin detection system was used. Sections were 
incubated with biotin-labelled secondary antibody, goat-anti-rabbit or mouse lg(H+L) 
(Southern Biotechnology Associates), diluted 1:100. Bound antibody was detected 
with the ABC Elite biotin-streptavidin kit (Vector Laboratories) (avidin-biotin-peroxidase) 
10 according to the manufacturer's directions and the peroxidase reaction was developed 
using S.S'-diaminobenzidine (DAB) (Vector Laboratories), with the addition of nickel to 
form a grey-black stain. Sections were dehydrated through graded alcohols before 
mounting permanently with DPX (B.D.H.). 

15 (ii) Results 

Samples from a variety of different osteoarthritic and non-arthritic joints were analysed. 
All samples were stained with COL2-3/4m, AH12L3 and AH9L2. Figure 13 shows a 
typical example of OA femoral head cartilage. There were differences in the intensity 
20 as well as the pattern of staining between the 3 antibodies. The results with mouse 
monoclonal Col2-3/4m were essentially as described previously (11). Staining was 
seen throughout the depth of the OA cartilage, with a thin band of intense staining at 
the articular surface and moderate staining extending into the mid-zone (Figure 13A). 
Deep zone chondrocytes exhibited strong pericellular staining (Figure 13D). Some 

2 5 degree of interterritorial staining was seen in ail zones. The non-immune mouse 

control is shown in Figure 13G for comparison. Rabbit polyclonal antibody AH12L3 
gave very similar results to Col2-3/4m, although the staining intensity was weaker 
(Figure 13, B and E). In contrast, staining with rabbit polyclonal antibody AH9L2 was 
generally very weak in all zones (Figure 13, C and F). The intensity of staining with this 

3 0 antibody was only marginally greater than with the non-immune control (Figure 1 3H). 

In general, staining of the non-arthritic cartilages was far less intense. Figure 14 
shows a typical example of non-arthritic femoral head cartilage. The pattern of staining 
was similar to that previously described (11). The interterritorial staining seen with 
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Col2-3/4m and AH12L3 was of a low intensity and restricted mainly to a band of 
staining at the articular surface (Figure 14, A and B). The extent and intensity of 
staining around chondrocytes was also much reduced. There was virtually a complete 
absence of staining with AH9L2, in most cases at the same level as the non-immune 
5 control (Figure 14C). 

It can therefore be seen that the amino-terminal epitope, AH12, was detected by 
immunohistochemistry in OA cartilage whereas the carboxy-terminal epitope, AH9, was 
not. This suggests that the amino-terminal region is more gradually degraded and 
1 0 therefore is retained for longer in the tissue. This is further evidence for its relative 
stability compared to the carboxy-terminal region. 

EXAMPLE 13: Production and characterization of a monoclonal antibody to the AH8L1 
epitope 

15 

A monoclonal antibody was raised to the AH8 epitope for use with AH12L3 in a 
sandwich ELISA. BALB/c mice were immunized subcutaneously 5 times with KLH- 
conjugated AH8L1 , 100pg of peptide per injection. The first injection was emulsified 
with Complete Freund's Adjuvant, subsequent injections in Incomplete Freund's 

20 Adjuvant. Splenocytes from ail of the mice were pooled, fused to SP2/0 myeloma cells 
and a monoclonal antibody was prepared using conventional technology. A positive 
clone was chosen on the basis of the ability of its secreted antibody to react with AH8 
and HDC by ELISA (as described above, using goat-anti-mouse Ig-alkaline 
phosphatase (Southern Biotechnology) as the second antibody). The chosen clone 

2 5 was expanded in a spinner flask, at the Sheffield Hybridoma Unit, Sheffield University. 
The resulting crude antibody preparation was applied to a Thiosorb column 
(Bioprocessing, Durham, UK) to purify the IgG. The isotype of the resulting 
preparation was determined as lgG1, using the Isostrip Mouse Monoclonal Antibody 
Isotyping Kit (Boehringer Mannheim). After dialysis into PBS, the concentration of the 

30 preparation was determined by reading the absorbance at 280nm (2.15mg/ml), and 
aliquots stored at -20°C. 

An experiment was also carried out to ensure that the binding of AH8MAb to its epitope 
on HDC was not inhibiting the binding of AH12L3 to its own corresponding epitope on 
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the same molecule. AH12L3 and AH8MAb were each double diluted in carbonate 
buffer (see Methods) across rows of an HDC-coated lmmulon-2 plate and allowed to 
passively bind to the plastic for 90 minutes at 37°C. Unbound antibody was removed 
with 3 washes in PBS-Tween. Double diluted AH12L3 was then added to one of the 
5 rows previously incubated with AH8MAb, and incubated a further 90 minutes at 37°C. 
PBS only was added to the remaining rows. After washing, secondary antibody was 
added; anti-mouse to the AH8MAb-only and AH8MAb + AH12L3 rows, and anti-rabbit 
to the AH12L3-only row, and incubated as above. After a final wash, alkaline 
phosphatase substrate was added to all wells, and the plate was read at 450nm. 

10 

AH8MAb was found to be specific for the AH8 peptide and HDC by EUSA, showing 
minimal cross-reactivity with AH 12 and AH9 peptide. As with the AH8L1 polyclonal 
antibody, it was also found not to bind to type I, III or IV collagens, and was positive for 
the 3/4 piece of collagenase-cleaved type II collagen only, shown by Western Blotting. 
15 AH8MAb also detected the same bands in week 3 medium from IL-1a stimulated BNC 
as polyclonals AH8L1 and AH12L3 (data not shown). 

EXAMPLE 14: AH8MAb/AH 1 2 L3 sandwich ELI SA 

20 (i) Preparation 

All wells of an lmmulon-2 plate were coated with 50pl AH8MAb at 1:80 (27pg/ml) and 
the antibody allowed to passively adsorb overnight at 4°C. Excess antibody was 
removed with 3 washes in azide-free PBS containing 0.1% Tween 20 (PBS-Tween). 

2 5 Uncoated binding sites were blocked with 5% w/v skimmed milk powder (Marvel™) in 

PBS, for 30 minutes at room temperature followed by 3 washes in PBS-Tween. To 4 
wells were added 50mI of PBS, to determine the degree of non-specific binding. To 
duplicate wells were added purified native or denatured collagens. The native 
collagens were initially dissolved in 0.5M acetic acid and then dialyzed into 0.5M Tris 

3 0 HCI. Some aliquots were subsequently denature by heating at 80°C for 20 min. 

Serum samples, diluted in PBS as required, were added in duplicate to test wells at 
50pl/well. The plate was then incubated for 90 minutes at 37°C, before washing 3 
times in PBS-Tween. Secondary antibody, AH12L3, was diluted to 1:500 in PBS 
containing 0.1% Tween 20 and 3% BSA, and 50pl added to all wells. After a further 
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incubation at 37°C for 90 minutes, the plate was washed as above and third antibody, 
peroxidase conjugated goat anti-rabbit Ig (Sigma Biosciences) was added to all wells 
at 1:1000 in PBS-Tween-BSA at 50pl/well, and incubated at 37°C for 90 minutes. After 
3 more washes in PBS-Tween and a final wash in distilled water, peroxidase substrate, 
5 TMB-3,3\5,5-tetramethylbenzidine (Kirkegaard and Perry Laboratories. Gaithersburg, 
Maryland, USA) added to ail wells, SOfjI/well, and the colour allowed to develop at room 
temperature for 20-30 minutes. The reaction was stopped with the addition of 50pl 
H 2 S0 4l and the plate read at 450nm. The mean absorbance of the 4 non-specific 
binding wells was subtracted from that of all other wells. 

10 

(«) Characterisation of antibodies for AH8MAb/AH12L3 sandwich ELISA 

Epitopes AH8 and AH12 are located close to each other and so it was important to 
demonstrate that monoclonal A8MAb and polyclonal AH12L3 could both bind to 

15 denatured type II collagen at the same time as each other. Figure 15 demonstrates 
the ability of AH12L3 to bind to its epitope on HDC in the presence of previously-bound 
AH8MAb. It can be seen that there is no diminution of binding of AH12L3, as this 
curve is almost identical to that produced when AH12L3 is bound to HDC alone. This 
indicates that although the AH8 and AH 12 epitopes are in close proximity to each 

20 other, both antibodies are able to bind to their respective epitopes, without interference 
from each other. This allows detection of fragments of type II collagen bearing these 
epitopes in serum or synovial fluid when assayed in the sandwich ELISA. 

(iii) Establishment of standard curve for AH8MAb/AH1 2L3 sandwich ELISA 

25 

The standard curve achieved greatest linearity when both HDC concentration and 
absorbance were plotted on a log scale (Figure 16). Samples were appropriately 
diluted to fall within the limits of the standard curve. 

30 (iv) Specificity of AH8MAb/AH12L3 sandwich ELISA for denatured type II collagen 

Assay results for native and denatured type II collagen are shown in Figure 17. As 
expected, type II collagen is only detected in its denatured form, not when in the native 
conformation. In separate experiments, native or denatured collagen types I and HI 
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were assayed using AH8MA5/AH12L3 sandwich ELISA but there was no recognition of 
these molecules in the assay (data not shown). 

EXAMPLE 15: Measurement of type II collage in serum 

5 

A variety of sera from non-arthritic laboratory personnel were collected and stored at - 
20°C until use. They were each assayed for type II collagen using the new 
AH8MAb/AH12L3 sandwich ELISA, over a range of dilutions. The results, shown in 
Figure 18, demonstrate that fragments of type II collagen containing the AH8 and 
10 AH12 epitopes could be detected in most samples and the levels detected could be 
diluted out in a log-linear fashion. In comparison to the bovine HDC standard, the 
levels of type II collagen fragments in normal serum ranged from 0 to almost 600pM, 
with a mean of about 100pM (Figure 19). 

15 EXAMPLE 16: Preparation of a synthetic peptide standard 

While purified bovine type II collagen can be used as a standard for the assay, there 
may be batch to batch variation in this standard. Thus, a 50-residue peptide which 
contains both epitopes AH8 and AH12 was synthesised. The sequence is shown in 
20 Figure 20. This standard may be used in assays designed to monitor disease-related 
changes in serum-levels of type II collagen fragments. 
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CLAIMS : 

1 . An immunoassay kit comprising a first antibody (e.g. a monoclonal antibody, 
polyclonal antibody or fragment or derivative thereof) which binds to a first epitope 

5 and a second antibody (e.g. a monoclonal antibody, polyclonal antibody or fragment 
or derivative thereof) which binds to a second epitope, wherein the first and second 
epitopes are C-ll^ coupled epitopes. 

2. The immunoassay kit of claim 1 for use in therapy, diagnosis, prognosis or 
10 candidate drug screening. 

3. The immunoassay kit of claim 1 or claim 2 for use in Sandwich immunoassay 
(e.g. for use in Sandwich ELISA). 

15 4. The immunoassay kit of any one of the preceding claims wherein the (Ml^ is 
systemic Oil*,* (for example, serum 0-11^, urine C-ll te , or synovial C-IW). 

5. The immunoassay kit of any one of the preceding claims wherein the coupled 
epitopes comprise (or are located within) an amino acid sequence from the N- 

2 0 terminal region of the a1 type II collagen chain (for example the N-terminal cross- 
linked region of the triple helix thereof). 

6. The immunoassay kit of any one of the preceding claims wherein the coupled 
epitopes can simultaneously bind cognate antibodies and/or are disposed such that 

25 an antibody bound at the first epitope does not sterically hinder antibody binding at 
the second epitope. 

7. The immunoassay kit of any one of the preceding claims wherein the coupled 
epitopes comprise a conformational and/or continuous epitope. 

30 

8. The immunoassay kit of any one of the preceding claims wherein the coupled 
epitopes are separated by at least 2 amino acids, e.g. by at least 3,4, 5, 6, 7, 8, 9, 
10, 11, 12,13, 14. 15, 16, 17, 18, 19 or 20 amino acids. 
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9. The immunoassay kit of any one of the preceding claims wherein the first antibody 
is immobilized on a solid support and/or the second antibody is labelled. 

10. The immunoassay kit of claim 9 wherein the label is biotin. 

5 

1 1. The immunoassay kit of claim 9 wherein the label is a radioactive label or an 
enzyme label (e.g. alkaline phosphatase or peroxidase). 

12. The immunoassay kit of claim 10 further comprising enzyme labelled avidin. 

10 

1 3. The immunoassay kit of any one of the preceding claims wherein the first 
antibody is an anti-AH8 antibody (e.g. AH8MAb or AH8L1) and the second antibody 
is an anti-AH12 antibody (e.g. AH12L3), or wherein the first antibody is an anti-AH12 
antibody (e.g. AH12L3) and the second antibody is an anti-AH8 antibody (e.g. 

15 AH8MAb or AH8L1). 

14. The immunoassay kit of any one of claims 1-12 wherein the first antibody is an 
antibody which competitively inhibits binding of AH8MAb or AH8L1 to cognate 
epitope and the second antibody is an antibody which competitively inhibits binding 

20 of AH12L3 to cognate epitope, or wherein the first antibody is an antibody which 

competitively inhibits binding of AH12L3 to cognate epitope and the second antibody 
is an antibody which competitively inhibits binding of AH8MAb or AH8L1 to cognate 
epitope. 

25 15. The immunoassay kit of any one of claims 1 -1 2 wherein the first antibody is an 
antibody having the same (or essentially the same) epitope specificity as antibody 
AH8MAb or AH8L1 and the second antibody is an antibody having the same (or 
essentially the same) epitope specificity as antibody AH12L3, or wherein the first 
antibody is an antibody having the same (or essentially the same) epitope specificity 

30 as antibody AH12L3 and the second antibody is an antibody having the same (or 
essentially the same) epitope specificity as antibody AH8MAb or AH8L1. 

16. The immunoassay kit of any one of claims 1-12 wherein the first and/or second 
antibody is a binding agent comprising the variable region (or a functional derivative 
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thereoO of antibody AH8MAb, AH8L1 or AH12L3. for example a Fab or Fab 1 
fragment. 

17. An antibody (e.g. a monoclonal antibody, polyclonal antibody, or fragment or 
5 derivative thereof) which binds to a coupled epitope of C-ll/^. 

18. The antibody of claim 17 which is labelled (e.g. with biotin or a radioactive label) 
and/or immobilized (e.g. on a solid support). 

10 19. The antibody of claim 1 7 or 1 8 for use in the kit of any one of claims 1 -1 6, the 
method of any one of claims 26-28 or process of any one of claims 29-33. 

20. An anti-AH12 antibody (e.g. AH12L3) or an anti-AH8 antibody (e.g. AH8MAb or 
AH8L1). 

15 

21. An antibody which competitively inhibits binding of AH8MAb, AH8L1 or AH12L3 
to cognate epitope. 

22. An antibody having the same (or essentially the same) epitope specificity as 
20 antibody AH8MAb, AH8L1 or AH12L3. 

23. A binding agent comprising the variable region (or a functional derivative 
thereof) of antibody AH8MAb, AH8L1 or AH12L3, for example a Fab or Fab 1 
fragment. 

25 

24. A Afunctional heteroantibody comprising a first binding moiety which binds to a 
first epitope and a second binding moiety which binds to a second epitope, wherein 
the first and second epitopes are C-W^ coupled epitopes. 

30 25. An immunoassay kit comprising the antibody or binding agent of any one of 
claims 17-24. 

26. A method (e.g. a Sandwich ELISA) for assaying for C-W^ in a biological sample 
(e.g. a sample of serum, urine or SF) comprising contacting the sample with a first 
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antibody which binds to a first epitope and with a second antibody which binds to a 
second epitope, wherein the first and second epitopes are C-ll/^ coupled epitopes. 

27. The method of claim 26 wherein: 

5 (a) the first antibody is immobilized; and/or 

(b) the second antibody is labelled; and/or 

(c) the antibodies are as defined in any one of claims 1-22; and/or 

(d) the coupled epitopes are as defined in any one of claims 5-8; and/or 

(e) the C-l l/yee is as defined in claim 4; and/or 

10 (0 the antibodies are provided as part of an immunoassay kit as defined in any one 
of claims 16. 

28. An in vitro or ex vivo method of therapy, diagnosis or prognosis comprising the 
step of assaying a biological sample for C-ll** according to the method of claim 26 

15 or 27. 

29. A process for measuring the therapeutic activity of an agent comprising the 
steps of: 

(a) providing a sample derived from a subject treated with the agent; and 
20 (b) assaying the sample for 0-11** using the kit of any one of claims 1-16, the 
antibody/binding agent of any one of claims 17-24 or the method of any one of 
claims 26-27), 

wherein the amount of 0-1!** in the sample assayed in step (b) is used as an index 
of therapeutic activity. 

25 

30. A process for producing a therapeutic agent comprising the step of screening a 
library of candidate therapeutic agents for therapeutic activity using the process of 
claim 29. 

30 31 . A process for producing a therapeutic agent comprising the steps of : 

(a) selecting a chemical formula on the basis of the structural features of a 
therapeutic agent produced by the process of claim 30; 

(b) producing (e.g. by synthesis or isolation) a therapeutic agent having the chemical 
formula selected in step (a). 
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32. A therapeutic obtainable by (or obtained by) the process of claim 30 or 31 . 

33. The process of any one of claims wherein the therapeutic agent is an anti- 
5 arthritic drug or MMP inhibitor. 

34. A cell or cell line which expresses the antibody or binding agent of any one of 
claims 17-24. 

10 35. A process for producing an antibody which binds to a coupled epitope of Oil** 
comprising the steps of: 

(a) degrading type II collagen in vitro to produce a plurality of 
fragments; 

(b) fractionating the fragments on the basis of size; 
1 5 (c) identifying relatively large fragments; 

(d) screening the relatively large fragments for the presence of multiple 
epitopes; 

(e) selecting a fragment which bears two or more epitopes; 
(0 raising antibodies against the fragment selected in step (e). 

20 

36. An antibody which binds to a coupled epitope of Oil** obtainable (or obtained 
by) the process of claim 35. 

37. Isolated type II collagen fragment bearing two or more epitopes for use in step 
25 (f) of the process of claim 35, the fragment for example comprising (or consisting 

essentially of) an amino acid sequence from the N terminal region of the type II 
collagen a1 peptide (for example from the N terminal cross-linked region of the triple 
helix thereof). 

30 38. The fragment of claim 37 which comprises (or consists essentially of) a 

sequence of 10-60 (e.g. about 50) amino acids from the N terminal region of the type 
II collagen <x1 peptide (for example from the N terminal cross-linked region of the 
triple helix thereof). 
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